9 ß-Hydroxymarasmic acid, a new sesquiterpenoid, marasmic acid and isovelleral were isolated from cultures of a basidiomycete. Comparison of the antimicrobial activity of the three natural compounds together with two n-butyl ether derivatives of marasmic acid revealed MICs against bacteria in the range of 0 .2 -20 ng/ml. The antifungal, cytotoxic and phytotoxic activities of isovelleral were similar to those exhibited by marasmic acid, whereas the marasmic acid deriva tives were considerably less active than the parent compound. Isovelleral was the only compound to show hemolytic activity.
Introduction
From subm erged cultures of a basidiom ycete th ree m etabolites exhibiting antim icrobial activity w ere isolated. E lucidation of the structures revealed, th at tw o of the com pounds w ere identical to sesq u ite r penoids described previously, nam ely isovelleral ( 1 ) [2, 3] and m arasm ic acid (2) [4, 5] , T he third m e ta b o lite p roved to be a new m arasm ane derivative (3) .
Since m arasm ic acid, which had been isolated by o u r group from cultures of several m ushroom s [6 ] , exhibited pronounced an titu m o r activity in the screen of the N CI (J. D uros, personal com m unica tion) com parison of the biological activities of the th ree com pounds was carried out. In the presen t p ap er th e p roduction, isolation and structure eluci dation of the new m arasm ane derivative to g e th e r with th e biological activities of isovelleral and m a ra s mic acid will be described.
Experimental

Culture m edia
B acteria w ere grown on n u trien t broth. All fungi w ere grow n on Y M G -m edium [7] . F or the evaluation of the antim icrobial activity the sam e m edia w ere used. E hrlich ascites tu m o r cells (E C A cells) w ere Reprint requests to Dr. H. Anke or Prof. Dr. W. Steglich.
Verlag der Zeitschrift für Naturforschung. D-7400 Tübingen 0341 -0382/89/0100 -0001 $01.30/0 grown as described earlier [8 ] . T he com position of the B A F -m edium is given in [9] .
Assays
T ests for cytotoxic activity w ere carried o u t as p re viously described [8 ] . T ests for hem olytic activity w ere carried out as in ref. [10] . For phytotoxic activi ty six seeds of the plants w ere placed on filter discs (13 mm 0 ; 1 mm thick) bearing the com pounds. The discs w ere soaked with w ater (150 |_d) and incubated in a hum id cham ber at 20 °C for th ree days in the d ark , th e re a fte r in the light. A fter 48 h, 72 h and 96 h the grow th of the seedlings was co m pared with the control w ithout antibiotics. T ests w ere carried o u t in triplicates.
Results
P roducing organism , ferm entation and isolation o f 1,
and 3
T he producing organism , strain H A 2-83, was iso lated as a culture co n tam inant growing on a culture of a H ygrophorus species. T he m ycelia b ear clam p connections and form brow n-black sclerotia. A b u n dan t p ro duction of sclerotia was observed upon sto r age of the culture at 4 °C. F orm ation of conidia or fruit bodies was never o bserved, th erefo re the sexual state o f the fungus is unknow n. T he form ation of clam p connections puts the strain am ong the basidio mycetes.
T he p roduction of antim icrobial com pounds was best on B A F -m edium at 22 °C. A typical ferm en ta tion diagram in a 20 1 ja r is show n in Fig. 1 . D ue to the tw o carbon sources p resent in the m edium the mycelial grow th exhibited diauxic characteristics. P roduction of antibiotics was followed by using the agar diffusion assay w ith Paecilomyces variotii and Bacillus brevis as test organism s. T he ap pearan ce of the com pounds was m onitored by extracting aliquots o f the broth w ith E tO A c, concentrating the solvent, spotting on a silica gel T L C plate and developing in to lu en e -M e2C O -A cO H (70:30:1). The com pounds w ere visualized w ith U V light at 254 nm or by spray ing w ith vanillin -H 2S 0 4. D uring the 20 1 ferm en ta tions no antim icrobial activity could be d etected in m ycelial extracts and on the chrom atogram s no spots corresponding to 2 or 3 could be seen. W hereas all ferm en tatio n s contained 2 and 3 in the culture fil tra te , 1 was o b tain ed only from 1 0 0 1 ferm entations. A fraction (20% ) of 1 was located in the m ycelium and extracted w ith M e2C O , the rem ainder was o b tain ed from the extracts of the broth. The isolation and separation pro ced u re is depicted in Fig. 2 . T he p roduction of 2 started after tw o to three days and con tin u ed for five to six days. W hen 1 was presen t its p rod u ctio n sta rted to g eth er w ith 2. T races of 3 w ere d etected tw o days after the on set of the production o f 2. Its ratio in the m ixture increased from 15% on day 7 to 25% on day 9, w hereas th e total am o u n t of the two co m pounds d ecreased on th e 9th day. Ferm en to rs w ere harv ested w hen th e carbon source in the m edium was exhausted. O n one occasion the culture b ro th was extracted with « -b u tan o l and tw o "n ew " active com pounds w ere d etec ted on T L C . T hese com pounds proved to be the ep im eric 5-O -butyl derivatives of m arasm ic acid (4a, 4 b ) and w ere considered to be artifacts of the isolation p ro ced u re. Since they exhibited an ti m icrobial activity, they w ere included in the biologi cal tests.
P hysico-chem ical properties o f the com p o u n d s
Isovelleral (1), oil, was identical in its spectral data and its specific ro tatio n , [a]ö" +293° (c 0.1, CHC1?). w ith the co m p o u n d from Lactarius vellereus [3. 11] , M arasm ic acid (2), colourless crystals, m .p. 174 °C.
was in every respect identical w ith an authentic sam ple [5, 6 ]. 
9ß -H yd ro xym arasm ic acid (3)
Light
Elucidation o f the structures
M etabolite 3, C 15H 180 5, resem bles in its U V and IR spectra m arasm ic acid (2). In the N M R spectra of 3 (Table I ) differences are visible which can be ex plained by the presence of an additional hydroxy group at C-9. It causes a dow nfield shift o f one of the cyclopropyl p ro to n s in the 'H N M R spectrum from Ö 1.23 (2) to 1.52 ppm (3) and should th e re fo re be ß-oriented. T his assignm ent is su p p o rted by the accordance of th e C D spectra of 2 and 3 (Fig. 3) 
Fig. 3. CD spectra of marasmic acid (2) [------] and 9ß-hydroxymarasmic acid (3) [---------] in
MeOH; recorded on a Circular Dichrographe Jouan-Roussel III. closely rela ted to pilatin, a 9 ß ,1 0 a-dihydroxym arasmic acid derivative from cultures of Flagelloscypha pilatii 
Biological properties
T he antim icrobial spectra of all com pounds are d e picted in T ables II and III. Isovelleral (1) and m arasmic acid (2 ) exhibited sim ilar spectra of activity in cluding the cytotoxic activity, which is given in T able IV. T he main difference was the higher lytic activity of 1. This was confirm ed using bovine erythrocytes (T able V). N eith er 2 nor any of its derivatives show ed hem olytic activity at co n cen tratio n s up to 100 |ag/ml. w hereas 50 jag/ml o f 1 caused alm ost com- Penicillium notatum - plete lysis. T he introduction of a hydroxyl function at C-9 reduced the inhibitory activity of m arasm ic acid in all of o ur test system s, w hereas the m utagenic ac tivity in the A m es test was increased [13] . The epim eric «-butyl eth ers (4a, 4b ) are both less active than the p are n t com p o u n d , this is also true for the phytotoxic activity which is given in T able VI. Isovelleral (1) 50 8 8 Isovelleral ( Isovelleral so far had only been found in fruit bodies of m ushroom s belonging to the R ussulaceae, w here it possibly takes p art in the defense system [14] , Since these basidiom ycetes can not been grow n in artificial cultures, the p resen t p ap er is th e first rep o rt on its p roduction in subm erged cultures and on its co-occurrence with m arasm ic acid. A biogenetic rela tionship o f the two com pounds has been discussed before [15, 16] . 9 ß -H ydroxym arasm ic acid is a new naturally occurring sesq u iterp en o id , which is p ro duced tow ards the end o f the ferm en tatio n . Isovel leral adso rb ed on alum ina can be easily tran sfo rm ed into its 9-hydroxy derivative by auto x id atio n [17] , U n d er the sam e conditions o r after incubation for several days in culture b ro th w ithout m ycelia no co n version of m arasm ic acid into 3 was observed [H I-T he sem isynthetic «-butyl eth ers of m arasm ic acid show ed significantly low er inhibitory activities, esp e cially ep im er 4b. In this com pound the reactive a ,ß -u n sa tu rated aldehyde m oiety is sterically m ore shielded due to th e a-o rien tatio n o f the «-butyl chain.
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